telas-like (MR/P) fimbriae (16) , mannose-resistant/Klebsiellalike (MR/K) hemagglutinin (16) , uroepithelial cell adhesin (25) , and P. mirabilis fimbriae (PMF) (2) .
To understand the role of fimbriae in the pathogenesis of P. mirabilis infections, the major fimbrial subunit genes for two different fimbriae (MR/P and PMF) have recently been cloned and characterized in our laboratory (2, 5) . The pmfA gene encodes the major fimbrial subunit (PmfA) of PMF, which has an apparent molecular weight of 19,500 (2) . The mrpA gene encodes the 16,400-Da major fimbrial subunit of MR/P fimbriae (5) . Isogenic mutants for both of these fimbriae have been constructed and used for challenge studies in a mouse model of ascending urinary tract infection. The mrpA mutant colonized the bladder and kidneys in numbers 15-fold lower than did the parent strain (unpublished observation); however, the pmfA mutation affected only the colonization of the bladder, lowering the number of bacteria recovered in this organ by 83-fold (13) . Although the loss of each of these fimbriae resulted in lower numbers of P. mirabilis organisms recovered from the tissue 1 week after challenge, both mutants were still able to colonize (reference 13 and unpublished observation) and cause histological damage (unpublished ob-Baltimore, MD 212t)1. Phone: (410) 706-756(0. Fax: (410) 70)6-8700. servation). These data suggest that colonization is multifactorial and that a number of fimbriae may work in concert to effectively colonize the bladder and kidneys.
In an effort to identify other fimbriae or factors that may contribute to the ability of P. mirabilis to colonize the host, we identified and characterized a novel fimbrial type, designated ATF (for ambient-temperature fimbriae), produced by strains of P. mirabilis.
MATERIALS AND METHODS
Bacterial strains. P. mirabilis strains were isolated from patients with catheter-associated bacteriuria or acute pyelonephritis and have been described elsewhere (14, 25) . Bacteria were grown in Luria broth and/or agar (per liter, 10 g of tryptone, 5 g of yeast extract, 0.5 g of NaCl, and 15 g of agar). For nonswarming agar plates, agar concentration was raised to 2.0% and 0.5% glycerol was added (6) . Minimal medium was 1 x MM9 salts (per liter, KH2PO4, 3 g; NaCl, 5 g; and NH4Cl, 10 g)-0.1 mM CaCl,-l mM MgCl.-0.2% glucose-0.20c Casamino Acids.
Fimbriae and whole-cell preparations. P. mirabilis H14320 was passaged statically three times for 48 h each at 37°C in Luria broth (50 ml) and then used as an inoculum for a 4-liter culture. After 48 h of static growth at 37°C, the cells were harvested by centrifugation (5,000 x g, 20 min, 4°C) and washed with 10 mM Tris-HCl, pH 7.2. Fimbriae were sheared by mixing the bacterial suspension for 5 min in a commercial blender (Waring, model 34BL97) on a setting of 4. A CsCl density gradient was used for further purification as previously described (2 
RESULTS
Purification and characterization of ATF major subunit. In wild-type strains of P. mirabilis, ATF copurify with MR/P fimbriae, even when the cells are grown in conditions which favor expression of the ATF (data not shown). To purify ATF, it was necessary to use an MR/P-negative mutant of P. mirabilis H14320. ATF, sheared from the surface of broth-grown (23°C) P. mirabilis H14320 mrpA::aphA, were purified as an isolated band on a CsCl gradient loaded with the fimbrial preparation.
Electron microscopy of this preparation showed rigid rods with no particulate contamination (Fig. 1C) . Unlike the MR/P fimbriae, ATF did not require denaturation with 10% trichloroacetic acid to disaggregate the protein into its subunits. SDS-PAGE of the purified ATF revealed that the subunit has an apparent molecular size of 24 kDa (Fig. 1A) ; this polypeptide represented >95% of the protein stained on the gel. Antiserum raised against the 24-kDa polypeptide, isolated as a band from SDS-polyacrylamide gels of crude fimbrial preparations, reacted strongly with the purified fimbrial subunit on a Western blot (Fig. 1B) .
The N-terminal amino acid sequence of the first 20 residues of the 24-kDa polypeptide was determined to be E-X-T-G-T-
P-A-P-T-E-V-T-V-D-G-G-T-I-D-F. This amino acid sequence
did not show significant similarity to that of any previously described fimbrial protein or any other polypeptide in the SwissProt data base. The amino acid composition of the processed polypeptide, isolated as the denatured subunit from a polyacrylamide gel, was determined ( Table 1) .
Expression of ATF by P. mirabilis. Immunogold labeling was employed to demonstrate whether the ATF antiserum has specificity for the intact fimbriae when it is expressed on the surface of the cells and to demonstrate that the intact structure was fimbrial in nature. Gold particles were seen attached to fimbriae on the surface of P. mirabilis H14320 grown statically at 37°C for three passages (Fig. 2) . Only a small percentage (-5%) of the cells had fimbriae on their surface that were labeled with gold particles. Furthermore, fimbriae were seen on the cells which the gold particles did not label and probably represented PMF and/or MR/P fimbriae (data not shown). Bacterial cells treated with PBS instead of antiserum before treatment with gold-labeled protein G showed no binding of the gold particles (data not shown).
The level of expression of ATF was assessed by Western blot analysis with the antiserum raised against ATF. Strains were grown for three static passages at 37°C. The major subunit of the ATF fimbria was expressed at various levels in all eight of the P. mirabilis strains examined (Fig. 3) . Although weakly expressed, this protein was barely detectable in strain HU2450.
To compare the effects of temperature, serial passage, aeration, and growth medium on the expression of ATF, P. mirabilis H14320 was grown under various conditions. Cell "Hemagglutination of tannic acid-treated ox erythrocytes in the presence of mannose.
Expression of the 24-kDa fimbrial protein as assessed by Western blot.
"Degree of hemagglutination or expression: -, undetectable; +, weak; + +, moderate; + + +, strong.
H14320 and HU1069 were grown under various conditions and the level of hemagglutination and expression of ATF were measured. Expression of ATF did not correlate with either MR/P or MR/K hemagglutination (Table 2) ; no hemagglutination was apparent in either strain when cells were maximally expressing ATF (static growth at 23°C and growth with shaking at 37°C), and both strains were able to hemagglutinate when ATF was not expressed (static growth at 42°C).
DISCUSSION
P. mirabilis, a common uropathogen, produces several different fimbriae. A considerable amount of data has been presented in the literature to suggest that fimbriae of P. mirabilis contribute to its ability to colonize the urinary tract (3, 11, 13, 18, (20) (21) (22) 25) . Recently, isogenic mutants for two different fimbriae, MR/P and PMF, were constructed in our laboratory. We determined that both MR/P fimbriae and PMF play a role in the ability of this organism to colonize the host (reference 13 and unpublished data). However, since neither the mrpA nor the pmfA mutation abolished colonization of the urinary tract by P. mirabilis, we reasoned that other fimbriae or adhesins may act in concert to effect colonization of host tissue.
We herein report the finding of a previously unidentified fimbria of P. mirabilis. This fimbria, ATF, has as its major subunit a 24,000-Da polypeptide. The N-terminal amino acid sequence of the processed form of the major subunit showed no significant similarity to that of any other fimbria or other protein in the SwissProt data base. Evidence that ATF are fimbrial in nature is based on the morphology of structures sheared from the cell surface. Electron microscopy depicted rodlike organelles consistent with the appearance of fimbriae. Denaturation revealed a major polypeptide subunit that fell within the accepted molecular weight limits of fimbrial subunits. Furthermore, antiserum raised against the isolated denatured polypeptide recognized fimbrial structures on the surface of P. mirabilis when examined by immunogold labeling.
As is common with polyclonal antiserum, some minor crossreactivity with other polypeptides was observed on Western blots of whole-cell preparations. While the antiserum predominantly recognized the ATF subunit, the observed cross-reactivity does not allow us to rule out the possibility that the antiserum was binding to surface-exposed proteins other than ATF.
All strains of P. mirabilis that we examined expressed ATF to varying degrees. As for other enteric fimbriae, the expression of ATF was affected by environmental conditions. Optimal expression was seen after static growth in Luria broth for 48 h at 23°C. It was also expressed after growth in Luria broth at 37°C whether with shaking or static; however, there was either no expression or undetectable expression after growth at 420C, in liquid minimal medium shaken at 370C, or after growth on solid medium. Serial passage of the organism in fresh broth has been known to increase the expression of some fimbriae and hemagglutinins (e.g., MR/P and MR/K of P. mirabilis); however, serial passage of P. mirabilis did not affect ATF expression in either strain examined. The designation ATF is derived from the observation that this fimbria is optimally expressed at ambient laboratory temperature, whereas MR/P fimbriae and MR/K hemagglutinin are not expressed under these conditions.
While most enteric fimbriae are poorly expressed at 230C, there are examples of other so-called ambient-temperature fimbriae. The curli fimbriae in most strains of E. coli are optimally expressed at 26°C and repressed at 370C (1) . The difference in morphology between curli fimbriae and ATF and the lack of similarity in their amino acid sequences (1) suggest that these similarly regulated fimbriae are nevertheless unrelated.
It does not appear that ATF is involved with either recognized hemagglutination phenotype associated with P. mirabilis. There was no correlation between expression of ATF and hemagglutination in either an MR/P or an MR/K fashion. Furthermore, the fimbria responsible for MR/P hemagglutina-VOL. 62, 1994 l1993 on September 21, 2017 by guest http://iai.asm.org/ Downloaded from tion has been identified and extensively characterized (2, 4) and has been shown to be distinct from ATF.
Whether ATF play a role in colonization of the urinary tract is difficult to assess. Thus far, no receptor-binding function can be identified. Bacteria expressing ATF do not agglutinate any erythrocyte species tested. Furthermore, these fimbriae are optimally expressed at 23°C and are less prominent at 37°C after in vitro cultivation. While this suggests that ATF may not contribute significantly to colonization of the mammalian host, we cannot rule out the possibility that these fimbriae are expressed at high levels in vivo. For example, cholera toxin is optimally expressed by Vibrio cholerae in vitro at temperatures lower than 37°C, although the toxin is produced during infection (7) . In an effort to determine the role of ATF in the pathogenesis of P. mirabilis, we are currently attempting to identify and mutagenize the genes necessary for ATF expression.
